Objective: Despite Level 1b evidence and international consensus that exercise is beneficial in ankylosing spondylitis (AS), there is a paucity of detailed information to guide exercise prescription, including the type and dosage of exercise required for the most benefit. This collaborative project, combining evidence with clinical expertise, was established to develop practical recommendations to guide sustainable exercise prescription for individuals with AS. Methods: Using a modified Delphi technique, 10 clinical questions were generated and a systematic literature review was conducted for each. Draft recommendations were developed at a 2-day meeting, based on the integration of evidence summaries and expert opinion. Feedback was obtained from patient and health professional groups prior to finalisation. Results: Recommendations and practice points were developed for the following areas: assessment; monitoring; safety; disease management; AS-specific exercise; physical activity; dosage, adherence and setting. A framework was developed that could also be adapted for exercise in other chronic musculoskeletal conditions. Feedback suggests that the final consensus statement provides useful information for those seeking to provide best practice exercise prescription for people with AS. Conclusion: The recommendations provide an up-to-date, evidence-based approach to the full range of issues related to the use of exercise in AS, as well as identifying evidence gaps for further research. Most importantly, this includes investigation of aspects of exercise programme design required to produce the largest effect, long-term adherence with exercise programs and the specific exercise requirements of sub-groups of people with AS. Widespread dissemination and implementation of the guidelines will be required to optimise exercise outcomes. 
Introduction
Individuals with ankylosing spondylitis (AS) experience pain and stiffness, which mainly affects the axial skeleton (spine, hips
Contents lists available at ScienceDirect journal homepage: www.elsevier.com/locate/semarthrit and shoulders). Since the condition is an inflammatory arthritis, fatigue can also be a prominent symptom [1] . The primary pathology includes enthesitis, or inflammation of the anatomical region of the bony attachment of tendons, ligaments or joint capsules [2] . Typically this occurs in the spine; if unchecked, new bone formation may result in ankylosis, or spinal fusion. The most common age of onset is in early adulthood, therefore the lifetime individual impact of AS can be high [3] . Traditionally, the condition has been managed with a combination of antiinflammatory medication and exercise, with the latter appearing anecdotally to be more effective than for other types of arthritis.
Although exercise recommendations feature prominently in relevant clinical guidelines for the management of ankylosing spondylitis [4] [5] [6] [7] , and are supported by a body of mixed-quality evidence [8] , in clinical practice there is a lack of specific information to guide exercise planning [9, 10] . The majority of published evidence focuses on mobility exercise [9] , and relatively little attention has been given to other aspects of exercise programme design such as strengthening, balance or cardiorespiratory exercise, despite recognition that AS can affect muscle strength [11] , balance [12] and cardio-respiratory function [13] . Similarly, there is little information about dosage (frequency, intensity and duration) or adherence to recommended programs [9] . Several trials are based on intensive, time-limited (often residential) exercise modalities, which are not readily available in many regions-such as in-patient rehabilitation or spa therapy/ exercise combinations [14] . Lastly, recent rapid advances in medical management, such as tighter control of disease activity by the use of anti-tumour necrosis factor-alpha (anti-TNFα) agents, have raised questions about the ongoing relevance of exercise in the management of AS [15] .
The task of developing an optimally effective, evidence based and sustainable exercise programme for a person or a group with AS therefore remains challenging. The overall objective of this project was to develop more specific recommendations covering a range of topics which need to be considered for exercise prescription-primarily for use by health professionals, but also for people with AS who may wish to acquire more detailed information about the use of exercise as a self-management strategy.
Methods

Systematic review
The Writing Group (WG) comprised 11 physiotherapist members of an ankylosing spondylitis special interest group in Australia, and a rheumatologist (J.Z.) with experience in Delphi methodology and guideline development. WG members independently submitted up to 10 questions of clinical importance to their practice, which were grouped into nine topics by the project co-ordinators (J.M. and J.Z.). These were assessment, monitoring, safety, disease management, AS-specific exercise, physical activity, dosage, adherence and setting. A systematic review was carried out for each topic; details of the methods are shown in Appendix A (Section A1). All WG members then participated in the assessment of included studies, using a pro forma "article summary" tool to record quality, relevance to a non-residential setting and reproducibility of the exercises in a "real-life" context. Meta-analysis was performed using random effects models where data was available to allow pooling, that is, for pain, disease activity, spinal mobility measures (cervical mobility, fingertip to floor distance, chest expansion and lumbar flexion) and physical function. An "evidence matrix" was compiled by the co-ordinators to show the number, type and quality of studies; overall level of evidence; consistency of results and (where applicable) effect sizes. Any discrepancies were resolved by discussion. Details of the flow of studies are shown in Figure A1 , included and excluded full-text papers (with reasons for exclusion) at A2 and A3 and evidence for the recommendations at Appendix B.
Consensus meeting
A 2-day face-to face meeting was held to review the evidence and develop recommendations, during which WG members presented topic summaries, as described above. These findings were discussed in the context of the collective clinical experience of the group, before recommendations were derived for each topic. After gaining appropriate ethics approval, consumer and health professional feedback on the draft recommendations was obtained by anonymously surveying people with AS (via patient support groups) and health professionals (via professional organisations). Further information regarding the surveys is provided in Appendix C, Section 1 (C1). The consensus statement wording was adjusted and further independent voting by the WG was used to finalise each recommendation.
Grade of recommendations
The Australian National Health and Medical Research Council (NHMRC) hierarchy [16] was used to grade the recommendations as follows: Evidence-Based Recommendation (EBR) based on a body of evidence, graded A-D depending on types of studies and consistency of results; Consensus Based Recommendation (CBR) developed by the WG in the absence of direct evidence, or poor quality evidence, to answer the question and Practice Points (PP) developed by the WG where there was a need to provide practical guidance to support the implementation of EBRs and CBRs. The derivation of PPs is shown in Appendix C, Section 2 (C2).
Results
The final 10 recommendations with practice points are listed at Box 1. The process of developing the recommendations highlighted the complexities of therapeutic exercise prescription and the potential for multiple interactions between the different topics examined. Figure 1 summarises the recommendations and relationships of these factors, and may be useful in informing joint (patient and health professional) decision making regarding exercise choice. A plain language summary of the recommendations and framework is also provided in Appendix C, Section 3 (C3). Survey results (Table C1 ) demonstrated a high level of patient importance (mean for all recommendations 8.46/10; range: 8.0-8.9) and health professional (HP) support (mean ¼ 8.66 and range: 7.3-9.58). The mean proportion of HPs who stated that the recommendation was already their practice was 60.2%, whilst 21% stated that the recommendation would modify their practice. 0.8% of HPs reported that they did not wish to change their practice, and the remainder (17.8%) stated that the recommendation did not apply to their practice. The background, clinical question(s), results and rationale for each recommendation are outlined as follows.
Assessment and monitoring
Background
Pre-exercise objective physical measures are an established component of individual exercise prescription, serving to inform individual training goals; appropriate exercise type(s); starting dose precautions (which may indicate exercise modification), and personal information regarding the need for specific exercise [17] .
Box 1-Recommendations and practice points
Exercise for ankylosing spondylitis (AS): a consensus statement Applicability: People who have AS at any stage, including early disease [96, 97] Recommendation 1: Assessment Individual exercise prescription should be informed by a thorough and reproducible assessment, which includes musculoskeletal and psychosocial factors, and AS-specific measures, including objective axial mobility and chest expansion (CBR Occupational, transport and leisure activities contribute to total physical activity levels
The clinical questions were: In adults with ankylosing spondylitis, which measures are beneficial for baseline mobility assessment in order to inform exercise prescription? What are the minimum requirements for monitoring these measures?
Results
Although a number of (largely non-controlled) cross-sectional studies found relationships between axial mobility (anthropometric) measures and self-reported domains such as physical function, disability and quality of life [18] [19] [20] [21] , Van Weely [22] found that self-reported function was typically reported as being more impaired than objectively measured function. Selfreported scores therefore do not substitute for objective measures, and hence the rationale for an accurate assessment that includes both subjective and objective components. The choice of AS-specific tools is further discussed at B1.1 and C2.1, but as a minimum, validated axial mobility measures and chest expansion should be completed. As reflected in the statement below, a combination of self-reported and objective information usefully informs exercise prescription and identifies where more detailed assessment may be indicated. Analysis of such tests is beyond the scope of this review, but many are simple and quick to perform in the clinical setting, and may be required to assess the consequences of more advanced AS on strength, balance or cardio-respiratory function.
Recommendation 1: Assessment. Individual exercise prescription should be informed by a thorough and reproducible assessment, which includes musculoskeletal and psychosocial factors, and AS-specific measures, including objective axial mobility and chest expansion (CBR).
No direct evidence was found to answer the question regarding monitoring. However, in the experience of the WG, there is also rationale for longitudinal monitoring of AS anthropomorphical measures, in order to evaluate exercise effectiveness, assess change in mobility and provide personal feedback, which may be motivational. In clinical practice, patients appear to value the objective information provided by assessment and it appears to have a positive effect on exercise behaviour [23] , hence the following recommendation.
Recommendation 2: Monitoring. Sufficient monitoring and feedback should be provided on an individual basis, to achieve confidence and competence with exercise, and to inform changing needs for exercise prescription. This is recommended at least annually, and more often as symptoms, function and mobility indicate (CBR).
Safety Background
The WG was anecdotally aware of single case adverse events associated with exercise, including spinal fracture/cord injury, hip arthroplasty dislocation and spinal pseudarthrosis/discitis. The clinical question was: In adults with AS, what safety aspects should be considered in relation to exercise prescription?
Results
Direct evidence for exercise safety issues (including adverse events) relating to AS was not found, therefore indirect evidence of secondary disease consequences was reviewed. The AS population includes people for whom the risks of exercise are higher than a non-AS population, secondary to:
(a) small increases in cardio-vascular risk factors and ischaemic heart disease [24] ; (b) decreased pulmonary function (in association with decreased axial mobility) [13, 25] ; (c) spinal osteoporosis, which appears related to disease activity and duration, and has an incidence of 18-67% [26] ; (d) spinal fracture risk in established AS of between 14% and 19% [27] , which (due to the biomechanics of an ankylosed spine) is more likely to result in spinal cord injury (SCI) than in a nonankylosed spine [28] and (e) Impaired balance and righting reactions, again in association with spinal ankylosis [12] .
Other less frequent but recognised complications of AS that may be impacted by inappropriate exercise include discitis/ pseudarthrosis (most prevalent at T11/12 level) [29] , anterior total hip arthroplasty dislocation [30] and atlanto-axial subluxation [31] .
Co-morbidity prevalence was consistently shown to be related to disease severity and/or duration, so it should be emphasised that the additional risks described are largely restricted to those with more advanced disease. However, the potential consequence for an individual of an adverse event is high, and little attention has been paid to this aspect of exercise prescription to date. It seems likely that the benefits of exercise still outweigh the risks for almost all individuals; however, appropriate exercise prescription is paramount for those with more severe disease. (1) Address primary (musculoskeletal) consequences of AS.
(2) Address secondary consequences of AS (cardio-respiratory, balance, osteoporosis). (3) Facilitate physical activity according to national guidelines, with modification for AS symptoms, severity, activity and duration as required.
The three main types of exercise for a balanced programme are shown in the circle, numbered for the sequence in which they would usually be addressed. The upper segments of the circle indicate exercise types that are therapeutic, that is, address specific aspects of AS management. The lower segment addresses exercise for maintenance of health, similar to the general population. The arrows indicate that there is interaction between the exercise types. The surrounding bars show key aspects of exercise prescription for consideration throughout the process, from initial assessment to ongoing practice. Finally, the recommendations are broadly applicable and continue to be relevant, even after commencement of anti-TNFα therapy.
disease, the physical changes of AS must be considered. These include the amount of bony change/ankylosis, balance and mobility changes, osteoporosis and cardiorespiratory consequences of the disease (CBR).
Disease management Background
It is not known whether the beneficial effects of exercise in AS occur at a systemic (e.g., anti-inflammatory) or local (e.g., enthesis) level. In healthy adults, and those with a number of chronic diseases, exercise can produce systemic anti-inflammatory effects, [32] [33] [34] [35] , but interactions between exercise and pathology are complex. It may be that exercise can have either pro or antiinflammatory consequences for individuals with inflammatory arthritis, depending on the type of exercise and the condition concerned [36] . Two clinical questions were generated by the WG on this topic: (1) Is exercise effective in disease modification (reduction in progression), compared with no exercise? and (2) are exercises in combination with an anti-TNFα medication more beneficial than medication alone? [15] .
Results
Insufficient evidence was found to determine whether exercise produces local and/or systemic effects in AS, and so a recommendation regarding disease modification was not made. However, two RCTs [37, 38] , two non-randomised experimental trials [39, 40] and one interrupted time series without controls [41] were identified in patients on anti-TNFα therapy. The trials consistently demonstrated the beneficial effect of a combination of anti-TNFα therapy and an AS-specific exercise programme, compared with either anti-TNFα treatment or exercise alone, for both self-reported measures (such as function and disease activity) and objective measures, such as the Bath Ankylosing Spondylitis Metrology Index (BASMI) [42] . Further detail is shown in Appendix B, Section 3.
Recommendation 4: Disease management. Individuals receiving anti-TNFα therapy should continue with regular exercise prescription as it confers an additional benefit to anti-TNFα therapy alone (EBR, grade B).
AS-specific exercise Background
Traditional goals of exercise in AS have focussed on improving and/or maintaining physical function and posture by: mobility exercises for axial and peripheral joints; muscle strengthening (especially "antigravity" muscles); stretching of specific muscle groups; and cardiorespiratory fitness [43] . The combination of soft tissue stretch and dynamic joint mobility exercises for "tight" or shortened soft tissues/restricted joints, and improved recruitment and strengthening of "lengthened" muscles is thought to target the biomechanical, mobility and postural changes of AS. The clinical question was: In adults with AS, is therapeutic (specifically prescribed) exercise aimed at:
(a) improving mobility/posture; (b) increasing strength; (c) improving cardiorespiratory fitness and (d) improving function (balance, co-ordination, gait, agility and proprioception), more beneficial for pain, mobility, disease activity and physical function than no exercise/general advice only?
Results
There were eight systematic reviews (SRs) concerning exercise interventions that were widely available or could be reproduced in a non-residential setting. Three [6, 8, 9] included meta-analysis of outcome measures, with a consistent trend for small to medium effects (including pain, physical function, axial mobility and other self-reported outcome measures), in favour of various exercise interventions.
A total of 11 individual RCTs met our criteria, and most (9 of 11) met the commonly used benchmark for a "good quality" study, with a score of six or more on the Physiotherapy Evidence Database (PEDro scale) [44] . The results are summarised in Tables 1 and 2 , and in more detail in Appendix B (Section B1.4 and Table B1 ), and again show a high level of consistency for small to moderate benefits for pain, disease activity, axial mobility and function. This was confirmed by our meta-analyses of these studies, displayed as Forest plots in Figure 2 . Statistical heterogeneity was low for most outcomes (cervical mobility, finger to floor distance, chest expansion, pain and disease activity) but was moderate for lumbar flexion and substantial for physical function. Potential sources of heterogeneity in exercise trials include the trial participants (in this case, disease severity is particularly relevant); exercise dosage (including variation in trial duration and exercise frequency, intensity and time); programme design (for example, type of exercises, their delivery method and setting) and trial methodology and quality [45] .
While these effects are small to modest, recent academic discussion has also highlighted the issue of therapeutic validity of trials [46] , that is, whether the exercises described meet guidelines for dosages known to produce physiological improvements. In general, there was poor reporting of exercise goals, programme design, outcome measures and adherence, and the links between these components were not specified. Dosage (particularly intensity) appeared to be insufficient in most trials [9] .These factors may account for the trial effect sizes being somewhat disappointing, compared with those reported by patients and clinicians.
Overall, the WG found that the consistent evidence of benefits for exercise in AS was sufficient to form recommendations focussing on axial mobility exercises plus stretch, strength, cardiopulmonary and functional fitness. Evidence for further specificity was not available, and the WG's clinical question regarding the best exercise programme could not be fully answered, although benefits for specific types of exercise could also not be excluded. Given the large spectrum of disease activity, severity and variation in presentation of mobility impairment in AS, it seems likely that "best practice" will continue to be an individualised programme where exercises are selected to target an improvement (or prevention of deterioration) of identified postural, biomechanical and functional changes. Clearly, there is overlap and interaction between the different exercise categories, but in a balanced programme, each aspect should facilitate performance of the other, as shown visually in Figure 1 .
Recommendation 5: AS-specific exercise (mobility). Individual exercise prescription with an emphasis on spinal mobility is paramount for best management of AS. Maintaining mobility of peripheral joints is also essential. This can be achieved through a number of approaches. At this time we are unable to recommend one approach over another, therefore individual goals should be informed by assessment findings (EBR grade A).
Recommendation 6: AS-specific exercise (other). Stretching, strengthening, cardiorespiratory and functional fitness are important components to include in a balanced exercise programme (EBR grade B). 
Physical activity Background
There is a large and compelling body of population-based evidence regarding the importance of physical activity (PA) for health [47] , resulting in national PA guidelines for "healthy adults" in most countries. Most current guidelines are based on 150-300 min of moderate intensity, or 75-150 min of vigorous intensity PA per week, plus muscle strengthening at least twice per week [48, 49] . The WG was interested in the interpretation of such guidelines for people who have AS, the clinical question being: which types of physical activity are beneficial for pain, mobility, disease activity and function?
Results
There is long-standing consensus that sports/activities involving high impact, such as some football codes, martial arts or distance road running should be avoided in AS due to the risk of symptom exacerbation or structural damage to an inflamed or ankylosed spine [43, 50] . Similarly, activities that excessively challenge balance may increase falls risk and should therefore be avoided. A recent hypothesis [51] suggests that mechanical stress may have a role in the disease pathology, and if proven this could further influence activity choices. For now, the pragmatic advice remains to avoid high impact activities, particularly in disease that is more active, severe or long-standing.
Regarding types of widely available leisure activities, three small RCTs investigated the effects of tai chi [52] , swimming [53] and Pilates [54] . These activities combine aspects of mobility, strength and functional (neuromotor) training, suggesting that they could be beneficial in AS, and the trials demonstrated small to moderate improvements for self-reported and performance-based measures. A larger survey of 1538 people with AS found an association with physical activity levels (PALs) and mobility, but evidence was not found for the superiority of one activity over another [55] .
In summary, there was insufficient evidence to show that one type of activity is more beneficial, but there is no reason to suggest that people with AS would not benefit from maintaining PALs as per the general population. It seems likely that individuals with early AS would benefit from a different set (and greater range) of activities than those with later/more advanced disease. In the latter case, safety factors are paramount and physical activity guidelines for an older population (such as the National Physical Activity Recommendations for Older Australians) [56] may be appropriate.
Recommendation 7: Physical activity. Regular physical activity should be encouraged to promote general health, well-being and functional outcomes (EBR, grade B).
Dosage Background
FITT-VP [17] is a widely used framework for exercise dosage and comprises six components: frequency (how often); intensity (how hard); time (duration) and type, resulting in a total exercise volume with the last component being "progression." Exercise dosage should be considered for these parameters in all three of the exercise components shown in Figure 1 ; however, the many variables contributing to an individual's dose response (including genetics, pathology, physiology, psychosocial factors and settings/ environments [57] ), mean that personalised adaptation of any recommendations is desirable. A further consideration is the concept of intensive (larger volume) exercise doses that may be Meta-analyses of exercise trials for outcome measures of pain, disease activity, mobility (cervical mobility, finger to floor distance, chest expansion and lumbar flexion) and physical function, summarised as Forest plots for included studies. A random effects model was used due to the heterogeneity of the interventions. The boxes represent point estimates for each study, their size being proportional to the size of study. The horizontal bars represent 95% confidence intervals and the diamond the pooled effect size. Mean differences were calculated where the same scale was used for all studies, and standardised mean differences (SMD) calculated where different scales were reported.
indicated in the short-term for a specific purpose, as opposed to sustainable (less intensive, smaller volume) doses for the long term. For mobility, posture and stretch exercise, there is obviously an optimal level that can be achieved: once this is attained and is stable, a "maintenance" dose (rather than progression) is appropriate. The clinical question was: In adults with AS, what dosage of exercise is beneficial for pain, mobility, disease activity and function?
Results
The most extensively analysed exercise dosage is that for PALs in healthy adults, as per national physical activity guidelines [48, 49] . These are aimed at chronic disease prevention, and the evidence for long-term therapeutic exercise is less clear.
As can be seen from Table 3 , there were limitations to the reported dosage information in included RCTs. In general, information on exercise frequency was available, with "daily" frequency reported in five of 11 studies [52, 54, [58] [59] [60] , but with a range down to once per week in one study [61] . Other components of exercise volume were often not reported, including exercise progression.
The association between volume of habitual exercise in individuals with AS, and measures of pain, disease activity, mobility and function were examined in 13 cross-sectional studies, and these are presented in Table 4 . Again, it was difficult to differentiate between exercise types and reported dosage parameters, and all relied on self-reported measures except Arends et al. [62] who measured PALs with an accelerometer. Following a survey of 4282 people, Santos et al. [63] suggested that exercise consistency is the most important factor. This term was not specified but appeared to relate to 2-4 h of exercise per week on a sustained basis. This was supported by Ward [64] in the USA, who found that back exercises on more than 5 days per week, and recreational exercises for more than 200 min per week, were associated with a decrease in pain and stiffness and improvement in function. The higher frequency of back exercises was also associated with slower progress of functional disability over 5 years. There was no direct evidence to suggest a minimally effective stretch time.
Exercise dosage to address the strength, cardiorespiratory and functional (balance/motor skills) consequences of AS received little attention in the literature. The study by Dagfinrud et al. [9] found no trials that met ACSM criteria for physiological effectiveness for strengthening exercises, and only one trial ( of 12) met the criteria for cardiorespiratory exercise. However, it should also be noted that there is a curvilinear dose-response relationship with a steep initial slope [65] and most benefit is therefore to be gained by n/a n/a n/a High scores for both perceived benefits and perceived barriers Santos (1998) [63] UK 4282 n/a n/a 0 h 21%; 1 h 20%; 2-4 h 35%; 5-9 h 15%; 410 h 9% Sport, AS-specific HEP or hydrotherapy 2-4 h/week positively associated with function and inversely associated with dis. act. individuals moving from a sedentary lifestyle to performing some regular exercise, in other words, "some regular exercise is better than none." This may be pertinent to the significant proportion of people with AS who experience persistent pain and/or fatigue [66] , particularly when considering a commencement exercise dosage. In summary, the relative influence of many variables is unique for each person, so a precise "one size fits all" dosage is not possible, and this is reflected in the recommendation. Care should be taken to balance an individual's exercise capacity with attaining an adequate dose for effectiveness. Short-term, more intensive exercise dosage may be indicated to achieve a specific goal. However, long-term "maintenance" AS-specific dosages should be realistic and aim for high frequency (5 or more days per week) and sustainability. This may require compromise from the "ideal" but the dose-response curve suggests that this may be a better outcome than short-lived attempts at unsustainable doses.
Recommendation 8: Dosage. Exercise frequency, intensity, duration and type must be tailored to the person's assessment findings, goals and lifestyle.
(a) For mobility, stretch and postural exercise, consistency is the most important factor and (b) for other exercise types, national physical activity guidelines may require modification. Consideration should be given to disease stage, activity and progression, whilst aiming for optimal effectiveness (EBR, grade C).
Adherence Background
The World Health Organisation in its 2003 report "Adherence to long-term therapies: evidence for action" defined adherence as "the extent to which a person's behaviour corresponds with agreed recommendations from a health care provider", and further pointed out that an increase in adherence may be much more effective than a specific improvement in treatment for a population [67] . For people with AS, the data available (Table 4) suggests that this is applicable. Predictors for low levels of exercise in crosssectional studies appear inconsistent, as they include less disability [19] , increased pain [68, 69] , increased body mass index (BMI) [70] and lower spinal mobility [62] . The relevant clinical question was therefore which interventions are beneficial for supporting adherence to an exercise plan?
Results
Adherence was investigated by Barlow and Barefoot [71] in the 1990s, who noted positive short-term effects on adherence with self-help groups and education, but long-term effects were not found. Only one lower quality RCT of participants with AS was found for which exercise adherence was a primary aim [72] , and long-term information was not provided.
Due to the paucity of research specific to AS, systematic reviews investigating strategies to increase adherence to exercise for chronic musculoskeletal conditions were also considered. A Cochrane review [73] looking at musculoskeletal pain in adults found moderate evidence that exercise adherence can be enhanced, but identified an urgent need for good quality research into long-term adherence to exercise interventions. Until that time, the authors recommended that patient preference should direct exercise type and setting: however, it should be noted that AS was a specific exclusion from this review. Conn et al. [74, 75] investigated physical activity interventions in adults with arthritis , and also the effects of education to increase PALs in adults with chronic illness. Again, there was evidence that PALs can be positively influenced by interventions, with an effect size for educational strategies of 0.45, equivalent to 48 min of physical activity per week. The former study was a large evidence synthesis (22,257 subjects with chronic conditions) and suggested the largest educational effects were those targeting physical activity behaviour, reinforced by some sort of PAL monitoring. The latter study found a number of strategies that promote PALs: these are summarised in Table 5 and reflected in the adherence recommendation.
Recommendation 9: Adherence. It is important to assess adherence with regular exercise, encourage motivation and promote ongoing self-management (EBR, grade B).
Exercise setting Background
A number of settings for exercise in AS have been studied, including home, clinic/out-patient, gymnasium, out-patient hydrotherapy pool, other leisure activity/sporting environments, spa resort/balneotherapy centres (often residential) and in-patient hospital settings. Balneotherapy refers to baths of warm, mineralised water, usually in combination with both active exercises and more passive treatments such as massage or mud packs [76] . Many countries lack access to traditional spa/balneotherapy centres and so this is not a widely available exercise option, however, "aquatic physiotherapy" and "warm water exercise" are moderately available. Residential or hospital in-patient treatment is much less widely available than in the past. Also relevant here is the mode of delivery, that is, whether the exercise was performed as part of a group and with or without health professional "supervision." The clinical question was therefore: in adults with AS, which widely available exercise settings and modes of delivery are beneficial for pain, disease activity, mobility and function?
Results
The Cochrane review of physiotherapy (exercise based) interventions for ankylosing spondylitis included 11 trials, with a total of 763 participants, published prior to January 2007 [8] . The outcomes analysed were pain, stiffness, spinal mobility, physical function and patient global assessment, and all interventions were more beneficial than no intervention or "usual care." In-patient spa exercise therapy (an exclusion from our study) plus group therapy was found to be more effective than group therapy alone; individual home-based or supervised exercise programs were better than no intervention, but supervised group physiotherapy was better than home exercises.
Four further RCTs have been published (Appendix B, Section 1.8), but these collectively demonstrate the difficulties in determining the effects of exercise type versus setting versus mode of delivery [37, 53, 54, 77] . Although different exercise settings appear to play a role in overall outcome, it is not possible to quantify whether benefits are due to the change in setting or environment, or the consequential support for motivation, adherence and higher exercise dosage that may arise from supervision and/or a group mode of delivery. Clinical experience suggests that warm water exercise may be particularly beneficial for more longstanding or severe disease. Unfortunately, since it is not possible to separate the effects of exercise in warm water from other passive components of spa therapy, there is currently insufficient evidence to support this clinical impression. Hence, the WG consensus was that personal preference, local availability and dosage are more important aspects than setting. However, if available, group and/or warm water exercise are likely to provide additional benefit.
Recommendation 10: Settings. Priority should be given to patient preference in exercise choice to enhance adherence and optimise positive outcomes (CBR).
Discussion
This consensus statement provides the first set of comprehensive exercise recommendations to guide practitioners' exercise prescription in AS with practical information. As a result of the consensus process, we developed a framework (Fig. 1) for considering all clinically relevant aspects of exercise prescription for people with AS, which has the potential to be adapted to other chronic musculoskeletal conditions, such as osteoporosis or osteoarthritis.
The process we followed had a number of strengths and limitations. The WG brought considerable experience and expertise in the clinical application of exercise in AS, and the development of key topic areas facilitated the investigation of all the important facets of exercise prescription in a way that has not been previously attempted. However, there were also some limitations to the study. For pragmatic reasons only English language papers were considered, and papers were initially selected by one author only; however, included papers were subsequently independently reviewed by a second author for suitability. Studies of those with axial spondyloarthritis were not included, and more focus on this group may be desirable in future. Although one member of the WG has AS, and additional patient input was obtained once the draft recommendations were developed, this process could have been strengthened by inclusion of people with AS earlier in the process. Professions other than physiotherapy are also involved in exercise prescription, and broadening of the representation on the WG could be considered in future reviews. Although the HP survey results were comparable to external validity testing for other rheumatology recommendations [78] , a broader range of participants may have strengthened the feedback process. Lastly, in clinical practice, exercise may be combined with other non-pharmacological modalities, such as joint mobilisation [79] , and investigation of such treatment combinations was beyond the scope of this review.
Combining systematic reviews with consensus recommendations is a lengthy process. In order to address the time lag between the initial searches and publication, the review for AS-specific exercise was repeated for publications until 1st July 2015. A total of five SRs (two with meta-analysis) and seven RCTs met the inclusion criteria. The SRs added weight to the recommendations in terms of support for exercise for improved outcomes [80] [81] [82] [83] [84] . More specifically, there was support for "multi-modal" programs (the main exercise types as shown in Figure 1 ) [80, [85] [86] [87] ; cardio-vascular training (as per recommendation 6) [88] and the synergistic effect of exercise and anti-TNFα medication (recommendation 4) [80, 82] . There was preliminary evidence for: "McKenzie" (a protocol of repeated spinal mobility exercises) in early AS [89] , inspiratory muscle training [90, 91] and aquatic exercise [92] in cohorts with more established disease. However, there was agreement that "the most effective exercise protocol remains unclear" [86] . We believe that additional studies targeting sub-groups such as early or later AS (and the spondyloarthropathies) would enable greater specificity regarding exercise recommendations in the future; however, the basic framework (Fig. 1) will apply to all. With regard to exercise settings and supervision, a SR of home-based exercise found small to moderate benefits for pain, function, disease activity and depression [81] . However, reviews by Giannotti et al. [80] and O'Dwyer et al. [84] and a 12-month follow-up to an RCT [93] support supervision and group components, and a large multi-centre trial in Portugal found only small measureable gains for a programme with minimal supervised exercise practice [94] . These findings have been reflected as an additional PP (recommendation 10).
As previous authors have noted [9] , major concerns regarding trial quality and clinical relevance remain. In general, future trials should better describe the exercise interventions and dosage, and use validated objective measures, such as the BASMI 10-point scale [95] . Despite consistent findings that exercise is effective in AS, the potential interactions between the physiological effects of exercise and the pathological processes have yet to be clarified. More knowledge about this could facilitate precise targeting of exercise effects by more informed programme design. Investigation of different patient groups (such as those with early, wellcontrolled AS versus long-standing, advanced disease) could determine if stratification of patient groups would increase effectiveness: it seems unlikely that "one size" will ever "fit all." Further evaluation of the effect of specific programs to address strength, cardiorespiratory and functional factors (such as balance), is also warranted. Exercise programme design should also be clearly linked to treatment aims and address physiological effectiveness, including progression: given that some subjects may start from a relatively low baseline, longer studies are therefore required. Such programs would allow better titration of dosage and thus may reflect the larger effect sizes that people with AS and clinicians Recommendations are for moderate or high intensity (as opposed to low intensity) physical activity often report. Accurate physical activity trackers should in future provide better objective data on exercise dosage, and studies that consider long-term outcomes and self-management strategies would be more relevant to the reality of limited availability of resources. Lastly, this would better inform the most urgently needed area of research, which is identified in this review as long-term adherence to exercise strategies.
Conclusion
The evidence found was of mixed quality, but consistently supported the beneficial effects of exercise in AS. However, lower quality research in some areas means that the current approach remains personalised and targeted to individual therapeutic goals. The 10 recommendations are specific enough to be clinically useful, but flexible for adaptation to the needs of all individuals. This new framework is summarised in Figure 1 , and has the potential to be adapted for other chronic musculoskeletal conditions. Although developed for the Australian context, the recommendations would also apply to other regions, particularly where spa or residential centres are not routinely available, or to anyone seeking information on long-term exercise strategies. Widespread dissemination and implementation of the guidelines will be important to ensure a more consistent approach to AS exercise management, and optimise outcomes for people with this condition.
